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Abstract: Combining ability for grain yield and its component characters in rainfed upland rice (Oryza sativa L.) 
were studied during Kharif 2014 using half diallel involving ten parents viz., VL Dhan 221, Vivek Dhan 154, VL 
30240, VL 7620, VL 30560, VL 8116, VL 8549, VL 8724, VL 8732 and Sukradhan1.  Both general combining ability 
(gca) and specific combining ability (sca) variances were found to be highly significant for the characters viz., plant 
height (gca=85.42; sca=23.12), days to 50% flowering (gca=101.61; sca=42.61), days to maturity (gca=90.37; 
sca=37.73), tillers per plant (gca=4.63; sca=1.38), panicle per plant (gca=2.36; sca=0.90),kernel length (gca=28.88; 
sca=23.61), kernel width (gca=1.64; sca=1.92),1000 grain weight (gca=3.60; sca=4.91), grain yield per plot 
(gca=8.57; sca=3.03), fertile grains per panicle (gca=690.67; sca=300.95) and grains per panicle (gca=1050.58; 
sca=437.75) indicating the importance of additive and non-additive gene actions in the expression of these traits. 
However, predominance of non-additive gene action was recorded for all the characters. Parents VL Dhan 221, VL 
7620, VL 30560, Sukradhan 1 were good general combiners for grain yield and related characters. VL Dhan 221 
and Vivek Dhan 154 were good general combiners for plant height and earliness. On the basis of specific combining 
ability effects, cross combinations Vivek Dhan 154 x VL 8549, VL 7620 x VL 30560, VL 8549 x VL 8732, VL 30560 x 
VL 8116 and VL 30240 x VL 8116 were the best specific combiner for grain yield per plot and other associated cha-
racters viz., plant height, days to 50% flowering, days to maturity, kernel length and kernal width. 
Keywords: Combining ability, Rice (Oryza sativa L.), Rainfed upland hill ecosystem,  Yield 
INTRODUCTION 
Rice is a major kharif crop of Uttarakahand  occupying 
2.6 lakh ha area with 6.0 lakh tonnes production and 
2307 kg/ha productivity (DES, 2014). It’s grown under 
varied ecologies among which direct seeded in rainfed 
upland agro ecology occupies substantial area. Under 
this production condition, the productivity varies from 
very low (<1000 kg/ha) to low (1000-1500 kg/ha) 
mainly due to poor adoption of high yielding varieties, 
low soil fertility with acidic nature (generally, encounter 
the deficiency of C, N, P and available nutrients and 
toxicity of iron, aluminum and manganese) and erratic 
behavior of monsoon. Rainfall is the most important 
weather element for successful cultivation of rice 
whereas, temperature, sunlight and bright sunshine 
hours greatly influence the yield levels in rice. In  
upland soils, rice crop often suffers with soil moisture 
stress due to erratic and inadequate rainfall as rain  
water flows down quickly and unavailability of life 
saving irrigations (DRD, 2002). For ensuring food and 
nutritional security of local populace of this region, 
productivity of rice in rainfed upland hill ecosystem 
needs to be improved. Developing high yielding  
varieties for this region is one of the strategies to  
enhance the productivity of this region. Selection of 
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potentially good parents is one of the major prerequisite 
for developing high yielding varieties in a breeding 
programme. Combining ability analysis helps in the 
identification of parents with high general combining 
ability (gca) effects and cross combinations with high 
specific combining ability (sca) effects. The gca effect 
is controlled by additive genes and fixable in nature 
and the cross involving parents with high gca will give 
better transgressive segregants in later generations 
therefore, selection of parents based on gca effect 
would have an impact in breeding programme (Singh 
et al., 2011). Diallel analysis is one of the most powerful 
tools for estimating the general combining ability 
(GCA) of parents and specific combining ability 
(SCA) of crosses (Sarkar et al., 2002; Rahimi et al., 
2010). It also provides information on the additive and 
dominance variance which may be useful for suggesting 
an appropriate breeding strategy to be followed for 
isolation of purelines or exploitation of heterosis. Diallel 
analysis in rice has been mostly reported in irrigated 
ecosystem and only limited attempts have been made 
in rainfed upland hill ecosystem. Nature of gene action 
and combining ability of rice genotypes of rainfed  
upland ecosystem adapted for hill region would help to 
design an efficient breeding strategy for genetic  
 improvement of upland rice. Therefore, the present 
investigation aims to estimate combining ability for 
grain yield and its component traits in rainfed upland 
rice (Oryza sativa L.). 
MATERIALS AND METHODS 
Ten rice genotypes viz., VL Dhan 221, Vivek Dhan 
154, VL 30240, VL 7620, VL 30560, VL 8116, VL 
8549, VL 8724, VL 8732 and Sukradhan1 were 
crossed in diallel fashion in Kharif 2013 without  
reciprocals. All the ten parents and its resultant 45F1 
derivative hybrids were planted in randomized block 
design with three replications in Kharif 2014 at  
Experimental Farm of ICAR-Vivekananda Parvatiya 
Krishi Anusandhan Sansthan, Almora. The standard 
agronomic package and practices were followed for 
raising good crop. The seedling was planted at a  
spacing of 20 x 15 cm with 2.25 meter row length. 
Observations on quantitative traits viz., plant height, 
flag leaf length, flag leaf width, tillers per plant,  
panicles per plant, panicle length, grains per panicle, 
fertile grain per panicle, thousand grain weight, kernel 
length, kernel width were recorded on five randomly 
selected competitive plants of the row whereas days to 
50 per cent flowering, days to maturity and grain yield 
were recorded on plot basis. The mean value of  
replicated data was subjected to statistical analysis 
using INDOSTAT software package (Version 8.1). 
The combining ability analysis was done following 
procedure given by Griffing (1956) Method II and 
Model I.   
General combining Ability (GCA) Effects: Gi= [1/
n+2][(Yi. + Yii) – (2/n)Y.. 
Specific combining Ability (SCA) Effects: Sij=Yij-[1/
n+2](Yi. + Yii + Y.j + Yjj) + (2/(n+1)/(n+2))Y.. 
Where, Gi= GCA effect of ith parent, n= number of 
parents, Yi=total of the array involving ith as a female 
parent, Yii= the value of the ith of the array, Sij =SCA 
effect of ijth cross, Yij= the value of i x jth cross, Y.j= 
total of the arrays involving jth parent as a male, Yjj= 
the value of the jth parent in the array, Y..= the grand 
total  
RESULTS 
Analysis of variance (ANOVA) showed significant 
differences among the parents and hybrids for the char-
acters viz., plant height, days to 50% flowering, days to 
maturity, tillers per plant, panicle per plant, panicle 
length, kernel length, kernel width,1000 grain weight, 
grain yield per plot, fertile grains per panicle and 
grains per panicle whereas, flag leaf length and flag 
leaf width were found insignificant (Table 1). 
The highly significant mean square due to general 
combining ability (gca) and specific combining ability 
(sca) for all the traits viz., plant height (gca=85.42; 
sca=23.12), days to 50% flowering (gca=101.61; 
sca=42.61), days to maturity (gca=90.37; sca=37.73), 
tillers per plant (gca=4.63; sca=1.38), panicles per 
plant (gca=2.36; sca=0.90),kernel length (gca=28.88; 
sca=23.61), kernel width (gca=1.64; sca=1.92),1000 
grain weight (gca=3.60; sca=4.91), grain yield per plot 
(gca=8.57; sca=3.03), fertile grains per panicle 
(gca=690.67; sca=300.95) and grains per panicle 
(gca=1050.58; sca=437.75) except flag leaf length 
(gca=3.00; sca=3.66), flag leaf width (gca=0.44; 
sca=0.86) and panicle length (gca=2.05; sca=2.28) 
indicated that both additive and non additive gene  
actions were involved in the expression of the traits 
under study (Table 2). The estimated components of 
specific combining ability (sca) variance were higher than 
general combining ability (gca) variance for all the char-
acters viz., plant height (σ2gca=6.23; σ2sca=12.52), days 
to 50% flowering (σ2gca=8.44; σ2sca=42.35), days to 
maturity (σ2gca=7.48; σ2sca=37.20), flag leaf length 
(σ2gca=0.021; σ2sca=0.925), flag leaf width(σ2gca=0.021; 
σ2sca=0.165), tillers per plant (σ2gca=0.319; σ2sca= 
0.588), panicles per plant (σ2gca=0.153; σ2sca= 0.373), 
panicle length (σ2gca=0.005; σ2sca=0.292), kernel length 
(σ2gca=2.31; σ2sca=22.48), kernel width (σ2gca=0.118; 
σ2sca=1.69),1000 grain weight (σ2gca=0.230; σ2sca= 
4.076), grain yield per plot (σ2gca=0.680; σ2sca=2.62), 
fertile grains per panicle (σ2gca=55.54; σ2sca=276.82) 
and grains per panicle (σ2gca=80.42; σ2sca=352.22) indi-
cating the preponderance of non-additive gene action 
in the expression of these characters. Sukradhan1 was 
found to be the best general combiner for grain yield 
per plot followed by VL Dhan 221 whereas, VL Dhan 
221 and Vivek Dhan 154 were good general combiner 
for plant height, days to 50 per cent flowering, days to 
maturity and panicles per plant (table 3). Vivek Dhan 
154 was a good general combiner for kernel length and 
thousand grain weight. Maximum desirable sca effects 
were exhibited by cross combinations VL Dhan 221 x 
VL 8724 for days to 50 per cent flowering and days to 
maturity followed by VL 30560 x Sukradhan1, VL 
30240 x VL 8116, Vivek Dhan 154 x VL 8732 and 
Vivek Dhan 154 x VL 30560 (table 4). The cross com-
binations VL Dhan 221 x VL 7620, VL Dhan 221 x 
8116, VL Dhan 221 x VL 8549, Vivek Dhan 154 x VL 
8549, Vivek Dhan 154 x Sukradhan 1 and VL 30240 x 
VL 8549 were the best specific combinations for pani-
cle per plant however, crosses Vivek Dhan 154 x VL 
8724, Vivek Dhan 154 x Sukradhan1, VL 7620 x VL 
8732, VL 8724 x Sukradhan1 were found to be the 
best specific combinations for panicle length. The re-
sult on specific combining ability effects of crosses 
combinations indicated that crosses Vivek Dhan 154 x 
VL 8549, VL 7620 x VL 30560, VL 8549 x VL 8732, 
VL 30560 x VL 8116, VL 30240 x VL 8116 were the 
best specific combinations for grain yield per plant. Ma-
ximum sca effect was exhibited by the cross combina-
tions VL 7620 x VL 8549, VL 30560 x VL 8732, VL 
8724 x Sukradhan 1, VL Dhan 221 x Vivek Dhan 154, 
VL 8116 x VL 8549, VL 30240 x VL 8549, VL 7620 
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 x VL 8116 for fertile grains per panicle and grains per 
panicle. The best general combiner and specific combi-
ner for different characters are listed in the Table 5.  
DISCUSSION 
In conventional breeding, combining ability of parents 
and hybrids has important role in varietal improvement 
of upland rice and diallel mating design is one of the 
most appropriate and resource (land, labour and cost) 
effective for the estimation of general combining  
ability (gca) and specific combining ability (sca) 
(Asfaliza et al., 2012) which provides the information 
of gene action (additive and non additive) and hence to 
choose the suitable breeding method for the varietal 
improvement. The role of additive and non additive 
gene effects for controlling the traits was also reported 
by Hong et al. (2002) and Rahimi et al. (2010) in rice. 
On the basis of preponderance of additive genetic  
variance of parents for traits viz., VL Dhan 221 (plant 
height, days to 50% flowering, days to maturity, tillers 
per plant, panicles per plant and  grain yield per plot), 
Vivek Dhan 154 (plant height, days to 50% flowering, 
days to maturity, tillers per plant, panicles per plant, 
kernel length and 1000 grain weight), VL 7620 
(panicles per plant, grain yield per plot, fertile grains 
per panicle and  grains per panicle) and VL 30240 
(days to 50% flowering, days to maturity, panicle 
length, kernel length and kernel width) were the best 
general combiners and hybridization among these  
parents would be useful in rainfed upland rice breeding 
programme in order to obtain desirable segregants for 
further selection of promising lines. However, good 
general combiners may not necessarily produce good 
specific combinations for different traits (Ramlingam 
et al., 1997). The presence of non-additive genetic 
variance offers scope for exploitation of heterosis and 
cross combinations viz., Vivek Dhan 154 x VL 8549 
(tillers per plant and  panicles per plant), VL 8549 x 
VL 8732 (1000 grain weight), VL 30240 x VL 8116 
(days to 50% flowering and days to maturity) and VL 
7620 x VL 8116 (plant height, fertile grains per panicle 
and grains per panicle) were the best specific  
combinations for grain yield and most of the characters 
and could be utilized in future breeding programmes. 
This was also reported by Jayasudha and Sharma 
(2009) and Kumar et al. (2007) in rice.  
Conclusion 
Based on the result of present study, it can be conclud-
ed that no cross was good for all the characters but 
some crosses showed good sca effects for a number of 
characters. Parents viz., VL Dhan 221, Vivek Dhan 
154, VL 7620 and VL 30240 were the best general 
combiners however, cross combinations viz., Vivek 
Dhan 154 x VL 8549, VL 7620 x VL 30560, VL 8549 
x VL 8732, VL 30560 x VL 8116, VL 30240 x VL 
8116 and VL 7620 x VL 8116 were the best specific 
combinations for grain yield and most of the characters 
and could be utilized in future breeding programmes. 
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